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Open-source & reproducible research:

❶ GitHub: https://github.com/xinychen

❷ Slides: https://xinychen.github.io/slides/transdim.pdf

❸ Project website: https://spatiotemporal-data.github.io

ML algorithms

transdim

(1.1k stars)

Visualization tools

awesome-latex-drawing

(1.2k stars)

Other projects at Polytechnique Montreal in video processing for user behavior
and safety analysis https://trafficintelligence.confins.net

https://github.com/xinychen
https://xinychen.github.io/slides/transdim.pdf
https://spatiotemporal-data.github.io
https://trafficintelligence.confins.net
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Why?

Academia:

• Open research environment (w.r.t. our team & followers)

• Push by funding agencies and academic institutions: “Research Data
Management Policy”

• Interact with researchers from different fields

• Provide platform and benchmark for comparison

• Stimulate new algorithmic ideas

Industry:

• Provide solutions to some realistic data problems

• Easy to implement and produce results
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Storytelling with Data

• Uber (hourly) movement speed data

NYC movement Seattle movement

• {road segment, time step (hour), average speed}
• Y ∈ RN×T with N spatial locations × T time steps

• Computing hourly speed: Road segments have 5+ unique trips.

Issue: Insufficient sampling of ridesharing vehicles on the road network!
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Storytelling with Data

High-dimensional & sparse

• NYC movement speed data (2019)
◦ 98,210 road segments & 8,760 time steps (hours)
◦ Overall missing rate: 64.43%
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• Seattle movement speed data (2019)
◦ 63,490 road segments & 8,760 time steps (hours)
◦ Overall missing rate: 84.95%
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• How to quantify data quality? Address sparsity?
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Reformulate Traffic Data Imputation

Estimation:

• Imputation & interpolation & forecasting

Imputing missing traffic data

• Tensor completion (Observed index set Ω)

PΩ(Y)︸ ︷︷ ︸
Partially observed
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Reformulate Traffic Forecasting

Forecasting urban traffic states with sparse data

• Problem definition (δ-step ahead forecasting)

{y1,y2, . . . ,yT }︸ ︷︷ ︸
Current traffic states

Estimate−−−−−−→ {ŷT+1, ŷT+2, . . . , ŷT+δ}︸ ︷︷ ︸
Future traffic states

y1 y2 · · · yT
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Reformulate Traffic Forecasting

(Rolling) Forecasting urban traffic states with sparse data

1st rolling step: {y1,y2,y3} → {y4,y5}
2nd rolling step: {y1,y2,y3,y4,y5} → {y6,y7}
3rd rolling step: {y1,y2,y3,y4,y5,y6,y7}︸ ︷︷ ︸

Current traffic states

→ {y8,y9}︸ ︷︷ ︸
Future traffic states

y1 y2 y3 y4 y5 y6 y7 y8 y9
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Python Implementation

Tools & Packages

Python CPU computing GPU computing

⋆NumPy for GPU
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Python Implementation

Traffic Data Processing

• Data format: .npz (compressed format)

• Easy to use

◦ Connect with numpy (for CPU)
◦ Connect with cupy (for GPU)

NYC Uber movement dataset1:

• e.g., hourly speed mat 2019 1.npz (91 MB)

◦ 98210× 744 matrix
◦ 23,228,581 observations
◦ Whole month of January 2019

1
https://github.com/xinychen/tracebase
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Python Implementation

Pre-process several open datasets2

2
https://github.com/xinychen/transdim
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https://github.com/xinychen/transdim


Python Implementation

Machine learning algorithms:

• Low-rank tensor completion

• Temporal matrix factorization
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Python Implementation

Easy to switch from CPU to GPU

import numpy as np

⇒
import cupy as np

Only use numpy? Advantage:

• Fewer packages can improve the reproducibility
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Post Something That Matters

Post well-documented data processing files (e.g., processing Chicago taxi data)

• Beginners to build coding skills

• Researchers to build research ideas

Source: https://spatiotemporal-data.github.io/Chicago-mobility/taxi-data
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Post Something That Matters

Post scientific problems (e.g., spatiotemporal data modeling)

Source: https://spatiotemporal-data.github.io/probs/orth-var
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Reproducibility Challenges

Resources

• Time / man power to create and maintain the material

• Storage (for data)

• Sustainable platforms

Creating and fostering a community

• Example of Traffic Intelligence, open source software for traffic video
processing and safety analysis

The devil is in the details

• Have you tried to compare a new video object detector to the state of the
art?
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Thanks for your attention!

Any Questions?

About Nicolas Saunier:

Ñ Homepage: https://nicolas.saunier.confins.net

§ GitHub: https://github.com/nsaunier

# How to reach me: nicolas.saunier@polymtl.ca

About Xinyu Chen:

Ñ Homepage: https://xinychen.github.io

§ GitHub: https://github.com/xinychen

# How to reach me: chenxy346@gmail.com

https://nicolas.saunier.confins.net
https://github.com/nsaunier
nicolas.saunier@polymtl.ca
https://xinychen.github.io
https://github.com/xinychen
chenxy346@gmail.com
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